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ABSTRACT 
 
 
Appropriate soil water level is a necessary pre-requisite for optimum plant growth. Also, 
water being an essential element for life sustenance, there is the necessity to avoid its 
undue usage.  Irrigation is a dominant consumer of water. This calls for the need to 
regulate water supply for irrigation purposes. Fields should neither be over-irrigated nor 
under-irrigated. Over time, systems have been implemented towards realizing this 
objective of which automated processes are the most popular as they allow information to 
be collected at high frequency with less labor requirements. Bulk of the existing systems 
employ micro-processor based systems. These systems offer several technological 
advantages but are unaffordable, bulky, difficult to maintain and less accepted by the 
technologically unskilled workers in the rural scenario.  
 
The objective of this project is to design a simple, easy to install methodology to monitor 
and indicate the level of soil moisture that is continuously controlled in order to achieve 
maximum plant growth and simultaneously optimize the available irrigation resources.  A 
simple opamp based comparator circuit is used coupled with relay units which control the 
water pumps. The use of easily available components reduces the manufacturing and 
maintenance costs. This makes the proposed system to be an economical, appropriate and 
a low maintenance solution for applications, especially in rural areas and for small scale 
agriculturists. 
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CHAPTER I: Introduction 
 
Proper irrigation management is essential for high yields and to avoid stress from excess or 
scarcity of water. Determining when to irrigate is not an easy task. Usually this decision is 
based on past experiences, weather forecast information (crop evapo-transpiration data) or 
soil-related measurements. Past experiences are probabilistic and are often not adjusted for 
annual changes in weather. Irrigation scheduling based on crop evapo-transpiration can be 
difficult. This can make scheduling using weather based information uncertain. Because of 
the shortcomings of these methods, soil-based irrigation scheduling is the preferred 
technique. 
In soil-based measurements, most commonly the soil moisture content is monitored.  
There are different methods that are used for realizing this  [2] 
 
Feel and Appearance method using shovel or soil auger:  
This method is subjective and requires experienced monitoring. Also it is imprecise. 
Meters and Sensors:  
Sophisticated devices like sensors measure some physical property that is related with soil 
moisture. Some portable sensing tools are pushed into the soil directly or into an access tube 
planted in the soil. Other systems rely on buried sensors that are wired to a fixed meter. 
Being an automated process, this provides accurate results and is highly efficient. 
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Proposed Model 
 
The objective of this project is  
 To develop a cost effective and automated model to monitor and regulate the 
moisture level of a soil sample mainly aimed to cater to the needs of technologically 
ignorant rural farmers.  
  To test the feasibility of indigenous sensors (resistance blocks) instead of using 
commercially available ones.  
 
The heart of the system is a comparator circuit. When soil moisture level crosses a preset 
safety threshold which has to be maintained to protect the crops, the sensors sense the 
change. This signal is then sent to the relay which actuates the water pump appropriately 
until the strayed-out parameter has been brought back to its optimum level. 
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CHAPTER II: Background and Literature Review 
The soil moisture varies from saturation to permanent wilting point. Various concepts 
related to soil moisture level are discussed below  [2] 
 
a. Readily Available Water (RAW) 
By definition, the Readily Available Water (RAW) is the water that can be easily extracted 
by a plant from the soil. RAW is the soil moisture held in the range between field capacity 
and a nominated refill point for unrestricted growth. In this range of soil moisture, the soil is 
neither waterlogged nor water-stressed and the plants have good condition to grow.  
 
b. Refill Point  
As the quantity of water reduces due to removal by plants and by evaporation from the soil 
surface, it becomes increasingly difficult for plants to extract water as it clings more tightly 
to soil particles and in small pore spaces. When water extraction becomes difficult for plants 
and more water is required to maintain growth rates, the soil is said to be at the ‘refill point’. 
The drier the soil more is the amount of water that needs to be added to bring the soil back 
to field capacity. Refill point for horticultural crops lies between a tension of          -20 kPa 
and -60 kPa.  
 
c. Permanent Wilting Point (PWP) 
Further, if the soil continues to dry, it will hold some water which cannot be extracted by 
plant roots. As a result, plants wilt and cannot recover. This is called the Permanent Wilting 
Point (PWP). If the soil dries to the permanent wilting point, the plant can no longer remove 
any water from it. Plant production will slow/stop before PWP is reached (a tension of         
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-1500 kPa). 
 
Measuring the soil moisture content allows monitoring the water available to the plant for 
growth. When the water at any depth falls below the refill point or where there is no 
remaining readily available water (RAW) then an irrigation scheduling event must be 
undertaken without delay. 
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1. SYSTEM MODEL 
 
1.1 Basic Model Of The System 
 
 
 
 
 
                
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Block diagram of the system 
 
 
1.2 Subsystems And Components 
 
Table 1: List of components used 
 
Sl.No.  Subsystem  Components  Specifications  Quantity  
I  Sensor   Resistance block 
(gypsum)  
1 
II  Comparator  IC LM 358D   1  
III  S-R Latch  IC 4011, 4049   1,1  
IV  Amplifier  IC 741, potentiometer   1,1  
V  Relay  Relay 12 volt DC  1  
VI  Indicators LEDs Red, Blue, White  1,1,1  
VII  Water pump  HJ-1000 model, 
submersible pump 
220 V/50 Hz, 20 W, 
1000l/h  
1  
VIII  Batteries  6F22 9 V  3  
 
Contacts: 
open/close 
 
Potential divider 
arrangement 
 
Comparator 
Change in 
resistance  
(with change in 
soil moisture) 
 
Change in 
voltage 
 
Relay 
 
SR Latch 
State: Set/Reset 
Logic: high/low 
Upper 
threshold 
limit 
    
Lower 
threshold 
limit               
230 Volt AC supply 
Change in soil 
water level 
CLOSED LOOP CONTROL 
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2. HARDWARE DESCRIPTION 
 
 
 
 
 
 
 
 
Figure 2 : Circuit schematic for hardware model showing various subsystems 
 
 
2.1 Subsystem Description 
 
I. SENSOR 
 
 
 
 
Figure 3: Sensor connected to form potential divider arrangement to provide a 
voltage output in relation to soil moisture levels 
 
 
WATER PUMP 
230 V ac supply 
SENSOR 
Output (given to  
Comparator circuit)  
Connecting Leads  
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The parameter which is of importance is moisture content in the soil. A reliable indication 
of soil moisture levels is provided by electrical resistance blocks. These are a             
cost-effective tool for effective management of irrigation. They evaluate soil moisture 
tension by measuring the electrical resistance between the two electrodes emerging out of 
the block. The blocks absorb and release moisture as the soil wets and dries respectively. 
This electrical resistance is recorded with the help of a portable meter that is attached to 
the wire leads coming out from the moisture sensors.  [1] 
Instead of using commercially available sensors, effort has been made to build indigenous 
sensors with the objective to make the project cost effective. For this model, we have 
used gypsum for making the sensors. 
The complete process for building the sensor has been outlined in  
Appendix A. 
                
               Functional Description of Sensor: 
 
1. For conversion of change in resistance to change in voltage, the sensor is connected 
with a 200 kΩ resistor in series to form a potential divider arrangement.  
2. It gives a voltage output corresponding to the conductivity of the soil.  
The conductivity of soil varies depending upon the amount of moisture present in it. It 
increases with increase in the water content of the soil. The higher the water content of 
the blocks, the lower the electrical resistance. 
3. The voltage output is taken from the output terminal of this circuit.  
The moisture sensor is immersed into the specimen soil whose moisture content is under 
test.   
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The soil was examined under three conditions  [2] 
 
 Dry condition: 
 The sensor is placed in the soil under dry conditions and embedded up   to a fair 
depth of the soil. In dry condition, as there is no conduction path between the two 
copper leads the sensor gives a high resistance value (nearly 700 kΩ). The voltage 
output of the potential divider in this case ranges from 2.2 V to lower optimum 
level (3 V). 
                
  Optimum condition: 
 When water is added to the soil, it percolates through the successive layers of it 
and spreads across the layers of soil due to capillary force. This increases the 
moisture content of the soil. Thus a conductive path is established between the 
two copper leads. This leads to a decrease in resistance of sensor. The optimum 
condition of the soil can be set manually depending on the type of soil. 
 
 Excess wet condition: 
 With the increase in water content beyond the optimum level, there is drastic 
increase in the conductivity of the soil and the sensor resistance is further 
decreased to around 50 kΩ. The voltage output of the potential divider in this case 
ranges from upper optimum level (5 V) to 10 V. 
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II. COMPARATOR 
 
 
 
 
Figure 4: Comparator block 
 
 
For the comparator circuit, we are using IC LM 358 which has two opamps. We have 
selected two thresholds: 5 V for logic high and 3 V for logic low. These two levels are set 
at the positive terminal of each opamp. The output of the potential divider is given to the 
negative terminals of the opamps. The two opamps are arranged such that when the 
output of the potential divider circuit falls below the preset value of lower opamp the 
lower opamp gives logic 0 and the upper opamp gives logic 1. When the output of 
potential divider circuit is in between range (5 V and 3V), then both opamps give logic 1 
and when output of potential divider circuit is above the set value of upper opamp, then 
the upper opamp gives logic 0 and lower opamp gives logic 1. The output of the 
comparator circuit is fed into a SR Latch.  
The various opamp outputs with varying soil conditions has been tabulated as below. 
 
 
 
 
 
LM 358 
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Table 2: Comparator logic 
 
 
Sl No. 
 
Range of 
voltage 
 
Soil 
condition 
Logic of 
Opamp 1 
(upper) 
Logic of 
Opamp 2 
(lower) 
1 > 5V Excess wet 0  1 
2 > 3V & < 5V Optimum 1 1 
3 < 3V Dry 1 0 
 
(NOTE: - Here upper preset level is taken as 5 V and lower preset level is taken as     
3 V) 
 
 
 
 
III. SR LATCH 
 
 
 
 
Figure 5: SR latch circuit 
 
 
It is constructed using two NAND gates. Each gate has two outputs, Q and Q', and two 
inputs, named set and reset respectively. This type of memory element is referred to as an            
SR flip-flop or SR latch. When Q=1 and Q'=0, it is in the set state (or 1-state). When Q=0 
and Q'=1, it is in the clear state (or 0-state). The outputs Q and Q' are complements of  
4011 
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each other and are named as the normal and complement outputs, respectively. The binary 
state of the flip-flop is taken to be the value of the normal output. 
When the potential divider output is above higher level the flip flop output will be zero. 
When the potential divider output is in between two set levels the output of flip flop will 
not change. When the potential divider output is below lower level then output of flip flop 
will be 1. 
The output of the latch for various soil conditions is tabulated below: 
 
Table 3: SR latch logic 
 
Sl. 
No. 
Voltage 
range 
Soil 
condition 
 
S 
 
R 
 
Q 
 
State 
 
Q' 
 
1 
 
> 5V 
 
Excess wet 
 
1 
 
0 
 
0 
 
Reset 
 
1 
 
2 
 
> 3V & < 5V 
 
Optimum 
1 1 0 No 
change 
1 
1 1 1 0 
3 < 3V Dry 0 1 1 Set 0 
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IV.  AMPLIFIER 
 
 
 
Figure 6: Amplifier circuit 
 
Since the analog output voltage signal from the SR latch is not high enough to drive the 
relay, hence the need for amplification. The signal is amplified using a 741 opamp and 
then fed to the relay.  
 
V.  RELAY 
 
 
Figure 7: Relay pin connections 
 
A relay is an electrical switch that opens and closes under the control of another electrical 
circuit. The output of flip flop is connected to a relay. The ‘NO’ contact of the relay is 
connected with the power supply to water pump. When this relay will be on, then the 
water pump will start and when it is off then the power supply to water pump will be cut 
off and hence it stops. 
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The working of the relay for various test conditions is tabulated below. 
 
Table 4: Operation of relay for various soil moisture conditions 
 
 
Sl. 
No. 
 
Voltage 
range 
 
Soil 
condition 
 
Q 
 
Amplifier 
output 
(digital) 
Relay 
reference 
pin 
voltage 
 
Relay 
'NO' 
contact 
 
Water 
pump 
operation 
1 > 5V Excess wet 0 1 1 open OFF 
 
2 
 
 
< 5V & 
> 3V 
Optimally 
wet 
 
 
0 
 
1 
 
1 
 
open 
 
OFF 
Optimally 
dry 
1 0 0  
closed 
 
ON 
3 < 3V Dry 1 0 0 closed ON 
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VI.  INDICATORS 
 
 
Three LEDs have been used for indication of the various soil conditions.  
1. BLUE for indicating excess wet condition 
2. RED for indicating dry condition 
3. WHITE for indicating 'ON' condition of water pump 
 
 
Table 5: LED and corresponding indication 
 
 
Sl. No. Color of LED that glows Indication 
1 Blue Excess wet soil 
2 Red Dry soil 
3 Blue + Red Optimum soil water level 
4 White Water pump 'ON' 
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CHAPTER III: Methodology 
 
1. Constructing the soil moisture sensor  [1] 
Details are attached in Appendix A.  
 
2. Setting the preset levels 
First, the voltage at minimum value of moisture and maximum value of moisture 
can be found out using a sensor and this will give an output in volts. These two 
voltage levels can be set as higher and lower levels at the opamps. 
In our model we have taken +5 V and +3 V as the upper and lower presets 
respectively.  
 
3. Simulation of the circuit using MultiSim 11.0 
To test the correctness of the various logics we first implemented the entire system 
using software simulation. We used a variable resistance as a representation of the 
sensor. Varying this resistance as an indication of the varying moisture levels we 
simulated the schematic for three conditions: dry, optimum and excess water.  
The result of the simulation for each condition is shown below. 
After successful simulation we proceeded to hardware realization. 
 
4. Hardware Implementation 
 Assembling the components:  
All the ICs were assembled on the breadboard according to the circuit 
layout. All connections were made. 
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 Soldering:  
After careful inspection of output at each component terminals, soldering 
was done.   
 Testing of Sensor:  
The constructed sensor was embedded in the soil below a certain depth. 
Firstly, the testing was done for dry soil. 
Next sufficient water was added to check for wet soil conditions. 
 Connection of Water pump 
The water pump is given supply directly from the mains 230v ac through 
the 'NO' contact of 12V DC relay. It acts as a switch for the Water pump 
circuit.  
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CHAPTER IV: Results 
 
1. Simulation results using MultiSim: 
 
By varying the resistance (700 kΩ) in the potential divider circuit as a representation 
for the dry/wet condition of the sample soil, the circuit was tested and the results are 
tabulated below: 
Table 6: Simulation results 
 
 
Sl No. 
 
Soil Moisture level 
 
 
Output of the sensor 
circuit (in Volts) 
 
Output of the main pump 
controlling circuit (in 
Volts) 
 
1 
 
below lower level 
 
2.375 
 
0 
 
2 
 
increasing but below 
higher level 
 
3.262 
 
0 
 
3 
 
more than higher level 
 
5.265 
 
10 
 
4 
 
decreasing but higher 
than lower level 
 
4.372 
 
10 
 
 
The simulation schematics are shown in figures below: 
 
a) When the sensor senses low moisture 
 
 
 
 
Figure 8: Circuit simulation snap for dry soil  
PUMP ON 
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b) When the sensor senses high moisture 
 
 
 
 
Figure 9: Circuit simulation snap for excess wet soil 
 
 
 
2. Observations after Hardware Design: 
 
By varying the dry/wet condition of the sample soil, the circuit was tested and the 
results are tabulated below: 
 
Table 7: Results obtained after hardware implementation 
 
 
 
Voltage from 
sensor output 
 
Indication 
 
Color of LED 
that glows 
 
Action 
 
Less than 3.06 V 
 
Dry Soil 
 
Red + White 
 
Water pump ON 
 
Greater than 4.53 V 
 
Excess wet soil 
 
Blue 
 
Water pump OFF 
 
 
 
 
 
PUMP OFF 
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CHAPTER V: Conclusion 
 
A methodological approach has been followed in designing the opamp based system for 
measurement and control of the plant growth parameter, i.e. soil moisture. The results 
obtained from the measurement have shown that the system performance is quite 
reliable and accurate.  
Field experience has shown that soil moisture sensors are very useful in diagnosing the 
changes needed and to fine-tune irrigation practices. Relatively minor regulations in 
irrigation practices can pay large dividends in terms of increased yields or water 
savings. The key to proper irrigation management using soil moisture sensors is regular 
monitoring of the sensors to track the soil moisture level and provide irrigation when 
the readings are in the determined range for the particular soil type.  [4] 
Thus, this system eliminates the drawbacks of the existing set-ups mentioned in the 
previous section. Also a cost analysis report has been prepared to compare the effective 
costs of the proposed model and microprocessor based system. Thus it has proved to be 
an easy to maintain, flexible and low cost solution. 
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COST ANALYSIS REPORT 
 
 
 
 
 Cost of project 
 
The approximate cost of project has been computed as below: 
 
Sl. No. Component Quantity Amount (in Rs.) 
1 LM 358 1 10 
2 4011 1 12 
3 4049 1 12 
4 Miscellaneous  20 
5 Relay 1 14 
6 Water pump 1 200 
7 LEDs (red, blue, white) 1 + 1 + 1 2+2+2=6 
 
 
 
 
Total cost of the project = Rs. 300 (approx.) 
 
 
 
 
 
 Cost of soil moisture monitoring system based on microcontroller/ 
microprocessor (approx.)= Rs. 3000   [3] 
 
Thus the cost of the proposed model is nearly 10 times less compared to an equivalent 
embedded system based model. 
 
 
TOTAL (in Rs.) 274 
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HARDWARE DESIGN SNAPS 
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Appendix A 
 
 
Procedure Followed To Make Soil Moisture Sensor: 
 
This method includes taking two Copper wires and inserting them into a gypsum block 
and measuring the resistance between them. The gypsum absorbs the water and provides 
a decent range of resistance and moisture measurement. 
 
 
Materials required: 
 
1. Plaster of Paris   
2. Cold water   
3. Disposable cup for mixing  
4. Wide straw  
 
5. Two small pieces of copper wire (we used the single copper core of LAN cable 
wire which we are using for LAN connections)  
 
Procedure: 
 
1. The wires were straightened out perfectly by pliers. Then they were carefully 
positioned approximately 15 mm apart. For making multiple sensors, it is 
recommended to make them with the same gap to ensure consistency of 
measurements without having to individually calibrate each sensor.  
 
 
2. Now the metal wires were inserted into the straw, ensuring that both are equally 
distant from the sides of the straw.  
  
3. Plaster of Paris was prepared according to the instructions provided on the box. 
On our box it said mix two parts to one part cold water. We used a bamboo 
skewer to stir.  
 
 
4. The mould was poured into the top of the straw. About one-fourth of the length 
was filled and then the probe was gently tapped to help the plaster settle between 
the gaps. The previous step was repeated until the straw was full.  
  
5. The setting was allowed to stand for an hour. 
  
6. After about an hour the bottom part of the sensor was removed carefully by 
cutting around the diameter of the bottom of the straw using a knife.  
  
7. The plaster was allowed to dry for 24 hours before being tested.  
  
8. The sensor was calibrated by getting a reading with the probe dry and then 
again when it is full saturated in water.  
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Appendix B 
 
PIN DIAGRAMS OF VARIOUS ICs 
 
1. LM 358 
 
 
 
2. 4049 
 
 
3. 4011 
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Appendix C 
 
IC DATASHEETS  [5] 
 
1. LM 358  
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2.  CD 4011  
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  3. CD 4049  
39 
 
 
 
40 
 
 
 
 
 
 
